We compared the phage types, antimicrobial resistance patterns, and plasmid profiles of 20 groups of isolates received at the Centers for Disease Control from Salmonella typhimurium outbreaks between 1975 and 1982 to determine the most useful laboratory method for identifying epidemiologically related isolates of S. typhimurium. In 18 (90%) of the 20 outbreaks, epidemiologically related isolates were identified as being the same by each of the three methods. In a subgroup of nine outbreaks in which isolates unrelated to the outbreak were submitted for comparison, outbreak isolates were differentiated from such control isolates six times (67%) by phage typing alone, four times (44%) by antimicrobial susceptibility testing alone, and eight times (89%) by plasmid profile analysis alone. Epidemic isolates were multiply susceptible, nontypable, or without plasmids in 14 (70%), 1 (5%), and 3 (15%), respectively, of the 20 outbreaks. Plasmid analysis appeared to be at least as specific as phage typing in identifying epidemiologically related isolates of S. typhimurium as being the same or in differentiating them from control specimens; both techniques appeared to be superior to antimicrobial susceptibility testing.
Various techniques have been used to identify related isolates from Salmonella outbreaks. Such techniques include antimicrobial susceptibility testing, phage typing, and, recently, plasmid profile analysis. Each technique has relative advantages and disadvantages, but plasmid analysis has steadily gained acceptance as a means of identifying related or unrelated Salmonella isolates (8, 10, 11) . Despite enthusiasm for plasmid analysis, however, results of comparison of this method with other techniques have not been published.
To compare typing methods, we selected Salmonella typhimurium isolates associated with 20 outbreaks and sent to the Centers for Disease Control Enteric Disease Laboratory, Atlanta, Ga., for phage typing and antimicrobial sus- ceptibility testing between 1975 and 1982. We determined the plasmid profiles of epidemiologically related organisms and compared these profiles with phage types and antimicrobial resistance patterns. This study demonstrates that plasmid profile analysis is at least as specific as phage typing in identifying related samples as being the same and that either method is clearly superior to antimicrobial susceptibility testing.
MATERIALS AND METHODS
We wanted to compare results of the three methods in two general situations for which isolates were sent to the Centers for Disease Control: (i) clearly related samples from outbreaks in which epidemiology-had identified a common source or exposure, and for comparison, (ii) a subset of outbreak samples which had been sent in with control isolates thought to be unrelated to the outbreak. From 62 groups of samples sent in for phage typing and antimicrobial susceptibility testing during the 7-year period, we selected samples associated with 20 outbreaks for which available epidemiological data were adequate for identification. We * Corresponding author. performed plasmid analysis on these S. typhimurium (including var. Copenhagen) isolates and compared these profiles with the results of tests done previously.
Antimicrobial susceptibility testing. Samples were tested with standard Kirby-Bauer disks (2) for susceptibility to the following antimicrobial agents: colistin, nalidixic acid, sulfadiazine, gentamicin, streptomycin, kanamycin, tetracycline, chloramphenicol, ampicillin, carbenicillin, cephalothin, and sulfamethoxazole.
Phage typing. Phage types were determined by using 31 typing phages obtained from the International Reference Laboratory for Enteric Phage Typing, London, England. Since phage types, i.e., patterns of reactions to a series of typing phages, obtained for S. typhimurium in the United States cannot always be compared with those obtained in England, we adopted a series of ten numbers and a letter suffix to describe phage lysis patterns (5) . Each number corresponds to reactions to three typing phages, which include phages 1 In outbreak 17, sporadic isolates were later found to be epidemiologically related to the outbreak isolates (9) ( Table  1 ). In two other outbreaks (outbreaks 12 and 18), some controls epidemiologically unrelated to the outbreaks were the same as outbreak isolates by one or more tests. In three outbreaks (outbreaks 3, 5, and 16), all controls were different from outbreak isolates by all three tests.
In some of the nine outbreaks, antimicrobial resistance patterns (4), phage lysis patterns (6), or plasmid profiling (8) alone differentiated all controls from outbreak isolates.
DISCUSSION
We would expect that, in outbreaks in which there was a strong epidemiological association with a common exposure (e.g., a particular food), multiple S. typhimurium isolates would usually be the same by any of the tests. However, our examination of S. typhimurium isolates from 20 outbreaks was hampered by the lack of a standard by which isolates could be definitively classed as related or Certain plasmid profiles or phage types were seen repeatedly in different outbreaks over a period of years, suggesting that they are relatively stable markers. Since the period between the outbreaks is unknown, the relationship between them is unclear. However, recent studies (9) suggest that plasmid analysis is useful in determining whether sporadic isolates of Salmonella spp. are the same as (or different from) outbreak isolates.
In summary, plasmid analysis was at least as reliable as phage typing in identifying related isolates from S. typhimurium outbreaks. Both were more specific than antimicrobial susceptibility testing. In situations in which strains without plasmids or untypable strains occur, one will still need to rely on a second method to determine relatedness or unrelatedness of isolates.
